Introduction
In 2005 the World Health Organization (WHO) published a histological classification which distinguished 10 types of benign and 24 types of malignant salivary gland tumours. Haemangiomas and tumours of the lymphoid tissue have been included in another group. All of these lesions are relatively rare, and constitute only 3-4% of head and neck tumours. 80% of them are located within the parotid gland. It was documented that there is an epidemiological relationship showing that the ratio of benign to malignant tumours is inversely proportional to the size of the gland [1] [2] [3] [4] .
Malignant tumours originating from salivary glands represent only 0.5% of all malignancies. Approx. 15-30% of lesions that arise from the parotid gland are malignant, as well as 40-60% of those affecting the submandibular gland, and 40-90% of minor gland lesions [1] [2] [3] 5] .
According to the TNM classification (2010) of the American Joint Committee on Cancer, the major salivary gland tumours are classified into 4 stages and 6 prognostic groups (I-III, IVa-IVc) with the criteria referring to the size, extraparenchymal extension, lymph node, facial nerve involvement (in parotid tumours) and the presence of metastases. Tumours of the minor salivary glands are staged according to the anatomic site of origin. The current staging system does not take into account any molecular markers. It may be due to the fact that there is no evidence concerning specific markers that have a sufficient impact on treatment decisions [6] .
Due to the lack of account in the National Register of Cancer, benign salivary gland tumours are not so thoroughly documented. On the basis of scientific reports of leading centres, it was estimated that they account for around 70% of all salivary gland tumours. Most of them are located in the superficial lobe of the parotid gland, constituting up to 80% of malignancies. This group is dominated by pleomorphic adenoma (PA) and Warthin tumour (WT) [2, 7] . However, the most common malignant tumours that have been given more attention in the present study are: adenocarcinoma, acinic cell carcinoma, mucoepidermoid carcinoma (MEC), and adenoid cystic carcinoma (ACC). Additionally, due to the enigmatic malignant transformation of the popular PA, the molecular studies of rare carcinoma ex pleomorphic adenoma (CA ex PA) were also taken into account [2, 8] .
Salivary gland tumours present an extremely wide range of morphological diversity. The macroscopic differences are rather indistinct, but microscopically the hybrid structures or focal malignancies are not uncommon, which hinders the histopathological interpretation. A similar, or wider range of characteristic properties is also observed at the molecular level. The oncogenesis of salivary gland tumours is characterised by the progression of changes at the cellular, genetic and epigenetic level. Most of them are specific for particular tumours and are presented below.
General reports
A wide range of signal transduction receptors and their pathways, such as tyrosine kinase c-kit (CD117), epidermal growth factor receptor (EGFR), NF-κB -transcription factor, Ras proteins, Wnt/β-catenins, and ErbB/HER were tested and described with reference to salivary gland tumours. Specific exceptions concerning these processes are listed below in the detailed characteristics of particular cancer lesions [9] [10] [11] .
P53 plays an uncertain role in salivary gland tumours. Despite numerous reports, it remains unclear because of frequent contradictory results. We managed to determine that p53 expression is higher in malignant lesions than in the benign ones, which was clearly observed in ACC and MEC [12, 13] .
Recent studies have also shown several rare markers in salivary gland tumours.
The expression of Mena (actin regulatory protein, a member of Ena/VASP family, which is involved in cell motility and adhesion) was negative in normal salivary gland tissue and benign neoplasms. However, it was up-regulated in carcinomas. This finding suggests that the reorganisation of the cytoskeleton is activated during malignant transformation, and it may facilitate metastasis [14, 15] .
Wilms tumour protein 1 (WT1) may be another potential marker. Its high expression is commonly associated with benign non-oncocytic salivary tumours, whereas malignant tumours show a decreased expression of this protein, which may be useful in histological differential diagnosis [16] .
A recent study showed that most adenoid cystic carcinomas, epithelial-myoepithelial carcinomas, acinic cell carcinomas, and pleomorphic adenomas of the salivary glands were positive for SOX10 (SRY-related HMG-box 10) protein [17] . According to that study, mucoepidermoid carcinomas, Warthin tumours, and salivary duct carcinomas do not express SOX10. Another study showed that these tumours also lacked nestin -an intermediate filament first identified in neural progenitor cells. This suggests that SOX10 and nestin expression may be useful as novel markers for diagnosing and understanding the histogenesis of salivary gland tumours [18] .
In another study concerning palatal salivary glands in the elderly, the low expression of factors capable of preserving cellular homeostasis, like maspin and AQP5 (aquaporin 5), and a high expression of factors that are related to cell survival, like HSPs (heat shock proteins), may point to their high vulnerability to selective phenotypic changes [19] .
According to new data concerning associations between HPV and infection-related epidermal growth factor receptor (EGFR), cyclin-dependent kinase inhibitor 2A (CDKN2A/p16), and tumour protein p53 (TP53), it seems that salivary gland tumours are not associated with HPV infections, contrary to oral squamous cell carcinomas [20] .
Benign tumours

Pleomorphic adenoma
Cytogenetic and molecular aspects
Based on the cytogenetic analysis, patients with pleomorphic adenoma were divided into four groups, depending on the karyotype of the tumour: patients with normal karyotype (about 30%), with rearrangements in 8q12 (39%), rearrangements in 12q13-15, and patients with other non-recurrent chromosomal aberrations (23%). It was demonstrated that only 30% of adenomas have a normal karyotype. The remaining 70% have at least one alteration in the genotype, the most common of which are shown below [21, 22] .
In some cases, adenoma multiforme is associated with translocations within the 8q12, 3p21, and 12q13-15 regions. The most common one is a mutual translocation t(3,8)(p21; q12), which is associated with aberrant gene expression -PLAG1 (pleomorphic adenoma gene 1). The t (3, 8) translocation results in the conversion of β-catenin -CTNNB1 promoter gene, which is constitutively expressed in normal cells. As a result of this rearrangement, PLAG1 gene is overexpressed and the expression of CTNNB1 gene is reduced [21, [23] [24] [25] [26] . PLAG1 gene encodes a zinc finger protein PLAG1. The gene belongs to proto-oncogenes, whose mutation (that was mentioned above) contributes to malignant transformation, both in case of adenoma multiforme and its malignant form -CA ex PA [24] [25] [26] [27] . Increased activity of PLAG1 is often accompanied with activation of the Ras oncogene, and in contrast to CA ex PA there is no activation of proto-oncogene c-erbB2 [28, 29] . It was shown that changes in the 8q12 region are characteristic for younger patients with adenoma multiforme. The histopathological analysis led to the conclusion that the stromal component of these tumours was reduced in comparison with the normal karyotype [21] . It was also reported that the trisomy of chromosome 8 may play an important role in the aetiology of adenoma multiforme, which can imply that the crucial genes for this tumour may be associated with this chromosome [21, [23] [24] [25] [26] .
Other common karyotype changes that also apply to the long arm of chromosome 12 are: t(9,12)(p24;q14-15) and ins(9,12)(p24;q12q15). Rearrangements within 12q14-15 are associated with the deregulation of the HMGA2 gene, encoding hmga2 (protein controlling the transcription process by changing the conformation of the DNA). According to breast cancer studies, the expression of this factor is controlled by the microRNA molecule -let-37, and the overexpression of this factor confers multipotency on cells [30] [31] [32] . As well as CTNNB1-PLAG1 gene fusion, studies have shown the presence of two other fusions concerning the PLAG1 gene: SII-PLAG1 and LIFTR-PLAG1; and another two, related to the HMGA2 gene: NF1B-HMGA2 and FHIT-HMGA2. Their role in carcinogenesis requires further research. Nevertheless, all five turn out to be very specific for PA, which provides a solid base to be used as markers for these tumours [32] [33] [34] .
Recent reports indicated new locations of chromosomal aberrations, which characterise PA within the following regions: 8p23, 10q25, 9p, and 11q24. However, their importance concerning particular gene expression profiles requires further research [35] .
In contrast to CA ex PA, neither the mutation nor overexpression of the TP53 gene has been demonstrated in PAs [12, 36] . However, a decreased expression of human β-defensin 1 (hBD-1) was found in these tumours, which may confirm its role as a tumorigenesis suppressor [37] . Moreover, further studies are needed to clarify the possible role of the SV40 virus (Simian Virus 40) in carcinogenesis because the integrated DNA of SV40 was found in the genome of PA, further demonstrating the expression of one of the antigens characteristic for this virus [38] .
Molecular features of prognostic and predictive value
When assessing the gene expression profile of these tumours it was demonstrated that only 16 of their genes were different from the profile of single-cell carcinoma of salivary glands, and as many as 133-447 genes differed when compared with healthy tissue. This may explain the tendency for the malignant transformation of these tumours [39, 40] .
The expression of microRNA and its regulation and biosynthesis pathway proteins like Dicer, Drosha, DGCR8, and p68 were increased in this type of tumour. Also, an overexpression of the oncogene PLAG1 and WNT, MAPK, and JAK-STAT genes responsible for tumourigenesis in many other tumours may suggest the impact of miRNAs on the regulation of these oncogenes [41] .
Warthin tumour (adenolymphoma, cystadenolymphoma)
Three groups reflecting the changes in the karyotype of WT were distinguished during cytogenetic analyses. The first and largest group includes tumours with a normal karyotype. The second one presents numerical changes, which were often described as the loss of the Y chromosome as well as monosomy or trisomy of chromosome 5. The third group consists of tumours presenting all structural aberrations with one or two reciprocal translocations. A study of 13 cases showed no significant changes in the karyotype of these tumours, but some reports described isolated cases of translocation t(11;19)(q21,p13), which is typical for MEC [42, 43] .
There were reports of mitochondrial DNA damage that could lead to ultrastructural changes in mitochondria and, microscopically, to oncocytic changes [44] . A study on the X chromosome-associated gene of the androgen receptor showed a monoclonal cell origin of WT, which would defy its malignant nature [45] . It seems to confirm the earlier morphology-related theory of WT histogenesis, which indicated the combination of the induced inflammatory changes with accompanying oncocytic ones [46] .
Malignant tumours
Mucoepidermoid carcinoma
Cytogenetic and molecular aspects
Reports on the cytogenetics and molecular biology of this tumour are rather scarce, and they apply to a small number of cases. In many cases the translocation t(11:19) (q21;p13) was described as the single genomic alteration accompanying other numerical and structural aberrations of chromosomes. Such an aberration was found in several types of acute leukaemia [47, 48] . A careful analysis of this translocation identified a fusion transcript that was created as a result of combining the newly identified genes: MECT1 (mucoepidermoid carcinoma translocated gene-1) from the 19p13 region and MAML2 (mastermind-like gene family 2) from the 11q21 region. It was found that a new protein activates the Notch pathway genes, encoding signalling proteins responsible for the control of cell differentiation [49, 50] .
Research on the H-Ras oncogene showed 18% of mutations in codon 12. It is probably one of the causes of tumourigenesis and progression of these cancers. These mutations were mainly present in the tumours with a high differentiation rate [51] .
Except for the above, an occasional loss of genetic material (demonstrated within areas 9p21, 8q, 5p, 12p, and 16q) was reported. However, this requires further molecular analysis [52] .
Molecular features of prognostic and 9
The members of EGFR (epidermal growth factor receptor) pathway have shown a high expression level, and according to several studies they can be a potential target in the therapy of MEC [53] .
Actin regulatory protein -Mena, which is involved in cell motility and adhesion, was positive in high-grade mucoepidermoid carcinomas and negative in low-grade mucoepidermoid carcinomas. In other studies, it was observed that Mena was up-regulated and it facilitated metastasis in breast, pancreatic, and colorectal carcinomas and melanomas. Apparently, this protein might help pathologists in the correct staging and proper predicting of prognosis for MEC [14, 15] .
Adenoid cystic carcinoma
Cytogenetic and molecular aspects
Despite numerous studies in the field of cytogenetics and molecular biology of ACC, the reported results are often unclear or even contradictory. The most consistent information confirms the chromosomal aberrations in the 6q, 9p, and 17p12-13 regions, which mostly results in deletions. It also appears that the translocation t(6,9) (q21-24,p13-23) is specific for this tumour and is treated as a primary change for further mutations. This results in a fusion of genes of transcription factors MYB and NFIB, and is associated with a poorer prognosis [54] [55] [56] . The deletion of 1p32-p36 fragment is a factor that is also associated with decreased survival rates [57] .
A recent study of 25 cases of ACC showed a high frequency of the loss of heterozygosity in the 6q23-25, which positively correlated with the low degree of differentiation and aggressive clinical behaviour of ACC [58, 59] . Moreover, the same authors described the hypermethylation of the gene promoter -p16, which is specific for this tumour. Therefore, there are great hopes of determining a marker in the practical aspect [60] . The hypomethylation and overexpression of AQP1 (aquaporin-1) was also proven to be characteristic for ACC tumours. It was also observed that muted AQP1 inhibited the proliferation of tumour cells in an animal model, which seems to be a promising therapeutic target [61] .
The profile of ACC gene expression, using microarrays containing 8920 human genes, has shown an abnormal expression of genes encoding transcription factors, such as AP-SOX4, 2a, and genes engaged in one of the signalling pathways -Wnt/β-catenin. A similar picture characterises the carcinogenesis of other common tumours such as breast or lung cancer and melanoma [62, 63] .
Prognostic and predictive values of the molecular features
Eighty to ninety percent of ACC tumours demonstrate overexpression of c-Kit (also known as CD117), while 20% show overexpression of EGFR (epidermal growth factor receptor). There is ongoing research concerning anti-EGFR therapy with drugs such as lapatinib, erlotinib, and cetuximab, but it is still at an early stage [64] [65] [66] . Increased expression of cytokines has also been described for Cox-2, IL-6, and IL-8, which may be considered as potential targets for chemotherapeutic agents [66] . Many reports have confirmed changes in expression, loss of heterozygosity, and microsatellite instability connected with the tumour suppressor genes -p53 and Rb. However, the importance of this fact also requires further clarification [67] .
There are some new data showing that under hypoxic conditions hypoxia-inducible factor-1 (HIF-1) α-dependent VEGF overexpression shows some associations with the metastatic tendency of ACC cells, and may function as a potential target for ACC therapy [68] .
Carcinoma ex pleomorphic adenoma
The histopathological, biological, and genetic features of CA ex PA lesions appear to be closely correlated. Previous reports in the field of cytogenetics informed about deletions in chromosome 5 regions (q22-23, q32-33) and translocations t(10;12)(p15;q14-15) when the segment containing the HMGIC and MDM2 genes (known as oncogenes in other malignancies) is transmitted, resulting in the amplification and overexpression of these genes [69] [70] [71] . Alterations in the long arms of chromosomes 8 and 12 were also described. However, while the loss of heterozygosity (LOH) within them is associated primarily with the development of benign PA, the emergence of additional changes within the short arm of chromosome 17 is associated with its malignant transformation to CA ex PA. Moreover, changes in chromosome 17 are significantly correlated with a high proliferative index and the severity of the disease [52, 72, 73] . However, what still seems to be controversial is the abnormal expression of the Tp53 gene, which is located within the 17p13. The deletions were described in this particular area. However, it does not fully translate into the level of expression of this protein in immunohistochemical studies [12, 13] . It was also suggested that the inactivation of p21 may play an important role in the development of CA ex PA, and this protein behaves as dependent or independent of p53 [74] .
CA ex PA, especially the component originating from ducts, shows an increased expression of the oncogene c-erbB-2-membrane receptor, demonstrating homology to the EGFR, which, according to one study, could be used as a marker determining malignant transformation [75, 76] . According to Suzuki, the deletion of p16 gene located within the 9p21, known as a tumour suppressor gene, plays a role in the carcinogenesis of CA ex PA [77] . Some authors described the great importance of this alteration in the development of e.g. melanoma [12, 77, 78] . It was also suggested that there is an inverse correlation of p16 and pRb expression. Therefore, if p16 or pRb is inactivated the other gene will show an overexpression [79] .
With reference to earlier reports, we have failed to provide the results of wider research on microsatellite instability (MSI), which is mainly observed in hereditary cancers [73, 77] .
Prognostic and predictive values of the molecular features
There are new data confirming that the downregulation of the Wnt inhibitory factor 1 (WIF1) is widespread in salivary gland CA ex PA, and that WIF1 downregulation also occurs in the CA ex PA precursor lesions -PA, which indicates a higher risk of progression from benign to malignant lesions [80] .
The continuous development of molecular techniques enables constant broadening the knowledge of the genesis and biology of tumours originating from the tissues of salivary glands. Unfortunately, this process is slower in comparison with more common malignancies, such as breast, lung, or colon cancer. It is mainly due to the longer period that is necessary to collect tissue material for testing, especially as regards those relatively rare malignancies.
In recent years, many molecular studies have elucidated the multistage model of the carcinogenesis of these tumours. However, further investigations need to be undertaken to incorporate the concept of personalised medicine, or individually targeted treatment of salivary gland tumours, based on each patient's unique clinical, genetic, and environmental characteristics. The possibility of early diagnosis, considering the patient's predisposition to recurrence or malignant evolution of benign salivary gland tumours, facilitate the expansion of the first-line treatment. Therefore, the patient may be protected from further interventions related to oncological treatment.
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